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METHODS OF IMPROVING VECTOR
TRANSDUCTION EFFICIENCY INTO T
LYMPHOCYTES

This application 1s a divisional of U.S. application Ser.
No. 15/325,376, filed Jan. 10, 2017, which 1s a National

Stage entry of International Patent Application No. PCT/
US2015/039892, filed Jul. 10, 2015, which claims the ben-

efit of U.S. Provisional Patent Application No. 62/023,618,
filed Jul. 11, 2014, each of which 1s mncorporated by refer-
ence herein 1n 1ts entirety.

1. FIELD

The disclosure herein relates to methods of improving
transduction efliciency of vectors into cells.

2. BACKGROUND

T lymphocytes recognize and interact with specific anti-
gens, including tumor-associated or tumor-specific antigens.
Because T lymphocytes are able to kill tumor cells, the last
25 years have seen a great deal of interest 1n targeting tumor
cells with T lymphocytes, either antigen-specific T lympho-
cytes, or T lymphocytes genetically modified to express one
or more chimeric antigen receptors (CARs; see, e.g., Eshhar,
U.S. Pat. No. 7,741,465; Eshhar, U.S. Patent Application
Publication No. 2012/0093842). There 1s a need 1n the field
for new methods to enhance the efliciency of CAR deriva-
tion from T lymphocytes.

3. SUMMARY

Provided herein are methods of enhancing the efliciency
of producing genetically modified cells, for example
immune cells, such as T lymphocytes, e.g., human T lym-
phocytes, for example primary T lymphocytes (e.g., primary
human T lymphocytes). Without wishing to be bound by any
particular mechanism or theory, it 1s thought that the innate
immune system may inhibit the viral transduction step of
CAR T cell production, and thus by inhibiting the activity of
the innate immune system (e.g., inhibiting the ability of the
innate immune system to inhibit viral transduction and/or
subsequent viral protein production), CAR T cell derivation
using vectors (e.g., viral vectors, e.g., retroviral vectors, for
example lentiviral vectors) can be improved.

The methods provided herein may be used in conjunction
with any type of cell, in particular, any mammalian cells, for
example, any human cells, e.g., cells used for cell therapeu-
tics, e.g., human cell therapeutics. Non-limiting examples of
cells in which the methods may be used include, but are not
limited to, natural killer (NK) cells (e.g., the placental
intermediate natural killer cells disclosed in U.S. Pat. No.
8,263,065 or in U.S. Application No. 2012/0148553, the
disclosures of which are hereby incorporated by reference 1n
their entireties), dendritic cells (DC), placental stem cells
(e.g., the placental stem cells disclosed 1n U.S. Pat. Nos.
7,468,276, 8,057,788 and 8,202,703, the disclosures of
which are hereby incorporated by reference 1n their entire-
ties), amnion-derived adherent cells (AMDACSs) (e.g., the
AMDACs disclosed 1n U.S. Pat. No. 8,367,409, the disclo-
sure¢ ol which 1s hereby incorporated by reference 1n its
entirety), tumor infiltrating lymphocytes, virus packaging
cells (e.g., HEK 2937 cells); mesenchymal-like stem cells
(or mesenchymal stem cells or mesenchymal stromal cells)
from umbilical cord blood, placental blood, peripheral
blood, bone marrow, dental pulp, adipose tissue, osteochon-

5

10

15

20

25

30

35

40

45

50

55

60

65

2

dral tissue, and the like; embryonic stem cells, embryonic
germ cells, neural crest stem cells, neural stem cells, and
differentiated cells (e.g., fibroblasts, etc.). The methods may
also be used m tumor cell lines, e.g., for animal model
experimental purposes.

In certain embodiments, the methods described herein
may include transducing (e.g., transducing with a retrovirus,
for example a lentivirus) cells (e.g., primary human T
lymphocytes). In certain embodiments, the methods
described herein may include contacting cells, (e.g., primary
human T lymphocytes) with a compound that 1s an 1nhibitor
of the innate immune system either before, concurrently
with, or after said transduction (e.g., retroviral transduction,
for example lentiviral transduction). In a particular embodi-
ment, transduction (e.g., retroviral transduction, for example
lentiviral transduction) introduces into the cells an 1solated
nucleic acid greater than 10 kilobases. In yet another
embodiment, the 1solated nucleic acid transduced into the
cells (e.g., via retroviral transduction, for example lentiviral
transduction nto primary human T lymphocytes), for
example, a vector, e.g., a viral vector, encodes one or more
proteins, for example, encodes one or more chimeric antigen
receptors.

In a particular embodiment, the compound used in the
methods described herein to contact said cells (e.g., primary
human T lymphocytes) during transduction (e.g., retroviral
transduction, for example lentiviral transduction) 1s an
inhibitor of the innate immune system. In a particular
embodiment, said inhibitor of the innate immune system 1s
an nhibitor of IkB kinase € (IKK €) and/or TANK-binding
kinase 1 (TBK1). In a specific embodiment, said compound
1s BX'795. In a specific embodiment, said inhibitor of the
innate 1mmune system 1s an inhibitor of protein kinase R
(PKR). In a specific embodiment, said compound 1s 2-Ami-
nopurine (2-AP).

In one embodiment of the methods described herein, cells
(e.g., primary human T lymphocytes) are contacted with a
compound described herein (e.g., BX795 or 2-AP) belore,
concurrently with, or after transduction with a vector, for
example, a viral vector (e.g., retroviral transduction, for
example lentiviral transduction). In another embodiment,
cells (e.g., primary human T lymphocytes) are contacted
with a compound described herein (e.g., BX795 or 2-AP) 30
minutes, 60 minutes, 2 hours or 3 hours prior to transduction
with a viral vector (e.g., retroviral transduction, for example
lentiviral transduction). In another embodiment, cells (e.g.,
primary human T lymphocytes) are contacted with a com-
pound described herein (e.g., BX795 or 2-AP) concurrently
with transduction with a viral vector (e.g., retroviral trans-
duction, for example lentiviral transduction) and for a period
of 2 hours, 4 hours, or 6 hours thereafter. In another
embodiment, cells (e.g., primary human T lymphocytes) are
contacted with a compound described herein (e.g., BX795
2-AP) for 30 minutes, 60 minutes, 2 hour or 3 hours belore
transduction with a viral vector (e.g., retroviral transduction,
for example lentiviral transduction) and concurrently with
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) for a period of 2 hours, 4 hours, or 6
hours thereafter. In a specific embodiment, said compound
described herein (e.g., BX'795 or 2-AP) 1s used at a concen-
tration of 1-20 PM. In another embodiment, said compound
described herein (e.g., BX'795 or 2-AP) 1s used at a concen-
tration of 2.5-10 uM. In yet another embodiment, said
compound described herein (e.g., BX795 or 2-AP) 1s used at
a concentration of 4-8 uM.

In one embodiment, the methods provided herein addi-
tionally comprise contacting cells (e.g., primary human T
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lymphocytes) with a transformation reagent (e.g., diethyl-
aminoethyl-dextran or protamine sulfate) prior to or con-
currently with transduction with a vector, for example, a
viral vector (e.g., retroviral transduction, for example lenti-
viral transduction).

In one embodiment of the methods described herein, cells
(e.g., primary human T lymphocytes) are additionally con-
tacted with an agent capable of stimulating a T cell receptor
complex belfore transduction with a vector, for example, a
viral vector (e.g., retroviral transduction, for example lenti-
viral transduction). In a particular embodiment, said agent 1s
an antibody or antigen binding fragment. In a particular

embodiment, said antibody or antigen binding fragment(s)
specifically binds CD3 and/or CD28. In a particular embodi-
ment, said antibody or antigen binding fragment 1s coupled
to a solid substrate (e.g., Dynabeads®). In another particular
embodiment, said antibody or antigen binding fragment(s)
(e.g., ant1-CD3 and/or ant1-CD28) are not present on a solid
surface, e.g., the same solid surface, but are instead present
in solution, or complexed with another compound or com-
position that allows presentation of the antibody or antigen
binding fragment(s) to the cell, e.g., the antibody or antigen
binding fragment(s) are complexed with a polymer, hydro-
gel, albumin, and/or a hydrophobic molecule. In certain
embodiments, the molecule to which the antibody or antigen
binding fragment(s) are complexed 1s not an adjuvant. In
another embodiment, said contacting occurs at least 48
hours, at least 44 hours, at least 40 hours, at least 36 hours,
at least 32 hours, at least 28 hours, at least 24 hours, at least
20 hours, at least 16 hours, at least 12 hours, at least 8 hours
or at least 4 hours prior to transduction of said cells with a
vector, for example a viral vector (e.g., retroviral transduc-
tion, for example lentiviral transduction).

In a particular embodiment of the methods described
herein, cells (e.g., primary human T lymphocytes) are trans-
duced with a virus (e.g., a retrovirus, for example a lenti-
virus) at a multiplicity of infection (MOI) of 1.5 to 3.0.

In a specific embodiment, provided herein 1s a method of
transducing primary T lymphocytes (e.g., human primary T
lymphocytes), comprising: contacting primary T lympho-
cytes with 1) a viral vector (e.g., retoviral vector, for example
a lentiviral vector) comprising a nucleic acid and 11) a
compound that 1s an inhibitor of the innate immune system,
such that the nucleic acid 1s transduced into the T lympho-
cytes. In another specific embodiment, said contacting of
said primary T lymphocytes with said compound occurs
before (e.g., 30 minutes before, 1 hour before, 2 hours
betore, 3 hours betore, 4 hours betore, 6 hours betfore, 7
hours before, 8 hours betore, 9 hours before or 10 hours
betore) and/or concurrently with contacting of said T lym-
phocytes with said viral vector. In another specific embodi-
ment, said viral vector comprises a nucleic acid encoding
one or more protein, for example, one or more chimeric
antigen receptors (CARs).

In another specific embodiment, said compound inhibits
the activity of IkB kinase € (IKK ¢) or TANK-binding kinase
1 (TBK1). In another specific embodiment, said compound
that inhibits the activity of IkB kinase € (IKK ¢) or TANK-
binding kinase 1 (TBK1)1s BX795 (e.g., 1 uM, 2 uM, 3 uM,
4 uM, S uM, 6 uM, 7 uM, 8 uM, 9 uM or 10 uM BX'795).
In another specific embodiment, said compound 1nhibits the
activity of protein kinase R (PKR). In another specific
embodiment, said compound that inhibits the activity of
protein kinase R (PKR) 1s 2-Aminopurine (2-AP) (e.g., 1
uM, 2 uM, 2.5 uM, 3 uM, 4 uM, 5 uM, 6 uM, 7 uM, 8 uM,
9 uM or 10 uM 2-AP).

10

15

20

25

30

35

40

45

50

55

60

65

4

In another specific embodiment, the method of transduc-
ing primary T lymphocytes further comprises contacting
said primary T lymphocytes with an agent capable of
stimulating a T cell receptor complex prior to contacting the
primary T lymphocytes with the viral vector. In a specific
embodiment, said agent 1s an antibody or antigen-binding
fragment, e.g., an antibody or antigen-binding fragment that
specifically binds to CD3 and/or CD28. In another specific
embodiment, the method of transducing primary T lympho-
cytes further comprises contacting the primary T lympho-
cytes with a transformation reagent (e.g., diethylaminoethyl-
dextran or protamine sulfate) and, optionally, a cytokine
(e.g., interleukin 2 (IL-2), interleukin 7 (IL-7), interleukin 12
(IL-12), mterleukin 15 (IL-13) or interleukin 21 (IL-21)).

In another specific embodiment, provided herein 1s a
method of transducing primary T lymphocytes (e.g., human
primary T lymphocytes), comprising: contacting human
primary T lymphocytes, in the presence of diethylamino-
cthyl-dextran or protamine sulfate and interleukin 2, with 1)
a retroviral vector, for example a lentiviral vector compris-
ing a nucleic acid encoding one or more proteins, for
example, one or more chimeric antigen receptors, and 11)
BX795 (e.g., 6 uM BX795), such that the nucleic acid is
transduced into the T lymphocytes. In a specific embodi-
ment, said contacting of said primary T lymphocytes with
BX'795 occurs before (e.g., 3 hours before, 6 hours before)
and/or concurrently with contacting of said T lymphocytes
with said viral vector. In another specific embodiment, said
vector comprises a nucleic acid encoding one or more
chimeric antigen receptors.

In another specific embodiment, provided herein 1s a
method of transducing primary T lymphocytes (e.g., human
primary T lymphocytes), comprising: contacting human
primary T lymphocytes, 1n the presence of diethylamino-
cthyl-dextran or protamine sulfate and interleukin 2 (IL-2),
with 1) a retroviral vector, for example a lentiviral vector
comprising a nucleic acid encoding a chimeric antigen
receptor and 1) 6 uM BX795, wherein the contacting of the
human primary T lymphocytes with the 6 uM BX795 occurs
for about 3 hours, followed by at least 6 hours of concur-
rently contacting the human primary T lymphocytes with the
viral vector and the 6 uM BX793, so that the nucleic acid 1s
transduced into the T lymphocytes. In another specific
embodiment, said vector comprises a nucleic acid encoding
one or more chimeric antigen receptors.

In another specific embodiment, provided herein 1s a
method of transducing primary T lymphocytes (e.g., human
primary T lymphocytes), comprising: contacting human
primary T lymphocytes, 1n the presence of diethylamino-
cthyl-dextran or protamine sulfate and interleukin 2, with 1)
a retroviral vector, for example a lentiviral vector compris-
ing a nucleic acid encoding a chimeric antigen receptor and
1) 2-AP (e.g., 2.5-10 uM 2-AP), such that the nucleic acid
1s transduced mto the T lymphocytes. In a specific embodi-
ment, said contacting of said primary T lymphocytes with
2-AP occurs betore (e.g., 90 minutes before, 2 hours betore,
or 3 hours before) and/or concurrently with contacting of
said T lymphocytes with said viral vector. In another specific
embodiment, said vector comprises a nucleic acid encoding
one or more chimeric antigen receptors.

In another specific embodiment, provided herein 1s a
method of transducing primary T lymphocytes (e.g., human
primary T lymphocytes), comprising: contacting human
primary T lymphocytes, 1n the presence of diethylamino-
cthyl-dextran or protamine sulfate and interleukin 2, with 1)
a retroviral vector, for example a lentiviral vector compris-
ing a nucleic acid encoding a chimeric antigen receptor and
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1) 2.5-10 uM 2-AP, wherein the contacting of the human
primary T lymphocytes with the 2.5-10 uM 2-AP occurs for
90 munutes, followed by at least 5 hours of concurrently

contacting the human primary T lymphocytes with the viral
vector and the 2.5-10 uM 2-AP, so that the nucleic acid 1s
transduced into the T lymphocytes. In another specific
embodiment, said vector comprises a nucleic acid encoding
one or more chimeric antigen receptors.

4. BRIEF DESCRIPTION OF THE

FIGURES

FIGS. 1A-1C show the eflects of concurrent treatment of
DEAE-dextran alone (FIG. 1A) or with BX795 m the
presence of DEAE-dextran (FIGS. 1B and 1C, at concen-
trations of 1 uM, 2 uM, 4 uM, 6 uM, 8 uM and 10 uM) on
the transduction efliciency of primary T lymphocytes using,
chimeric antigen receptor-encoding lentiviruses.

FIGS. 2A and 2B shows the eflects of BX795 treatment
on the ethciency of lentiviral transduction. Transduction
elliciency of primary T lymphocytes transduced with chi-
meric antigen receptor-encoding lentiviruses was assessed
for various conditions: (1) BX795 pretreatment, (11) BX795
concurrent treatment, (111) a combination of BX'7935 pretreat-
ment and concurrent treatment and (1v) a control treatment.

FIGS. 3A and 3B show the efi

ects of the transformation
reagents DEAE-dextran and protamine sulfate on the viabil-
ity of primary human T lymphocytes (FIG. 3A) and the
ellects of various concentrations of 2-AP in the presence of
DEAE-dextran or protamine sulfate on the wiability of
primary human T lymphocytes transduced with lentivirus
(FIG. 3B).

FIGS. 4A and 4B show the efliciency of lentiviral trans-
duction 1n the absence of 2-AP (FIG. 4A) or 1n the presence
ol increasing concentrations of 2-AP (FIG. 4B at concen-

trations of 2.5 uM, 5 uM or 10 uM).

>. DETAILED DESCRIPTION

5.1. Methods of Transduction

5.1.1. Cells

Non-limiting examples of cells that can be used i1n the
methods described herein include T lymphocytes, dendritic
cells (DC), placental stem cells (e.g., the placental stem cells
disclosed 1n U.S. Pat. Nos. 7,468,276; 8,057,788 and 8,202,
703, the disclosures of which are hereby incorporated by
reference 1n their enftireties), mesenchymal-like stem cells
from umbilical cord blood, placental blood, peripheral
blood, bone marrow, dental pulp, adipose tissue, osteochon-
dral tissue, and the like; embryonic stem cells, embryonic
germ cells, neural crest stem cells, neural stem cells, and
differentiated cells (e.g., fibroblasts, etc.). The methods may
also be used 1n tumor cell lines, e.g., for anmimal model
experimental purposes. In a particular embodiment, the cells
of the methods described herein may be primary cells.
Primary cells are well known 1n the art and may include cells
extracted from a subject (e.g., a human) that are cultured or
expanded 1n vitro for an amount of time that does not lead
to the onset of cellular senescence, and are not cultured or
expanded 1 a manner that leads to immortalization of the
cells. In a specific embodiment, the cells used in the methods
described heremn are human T lymphocytes. In another
specific embodiment, the cells used 1 the methods
described herein are not natural killer cells. In another
specific embodiment, the cells used 1 the methods
described herein are not T lymphocyte cell lines.

In a specific embodiment, the cells used 1n the methods
provided herein are primary T lymphocytes (e.g., primary
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human T lymphocytes). The primary T lymphocytes used in
the methods provided herein may be naive T lvmphocytes or
MHC-restricted T lymphocytes. In certain embodiments, the
T Iymphocytes are CD4". In other embodiments, the T
lymphocytes are CD8™. In certain embodiments, the primary
T Ilymphocytes are tumor infiltrating lymphocytes (TILs). In
certain embodiments, the primary T lymphocytes have been
1solated from a tumor biopsy, or have been expanded from
T lymphocytes 1solated from a tumor biopsy. In certain
embodiments, the primary T lymphocytes have been 1solated
from, or are expanded from T lymphocytes 1solated from,
peripheral blood, cord blood, or lymph. In certain embodi-
ments, the T lymphocytes are allogeneic with respect to a
particular individual, e.g., a recipient of said T lymphocytes.
In certain other embodiments, the T lymphocytes are not
allogeneic with respect to a certain individual, e.g., a recipi-
ent of said T lymphocytes. In certain embodiments, the T
lymphocytes are autologous with respect to a particular
individual, e.g., a recipient of said T lymphocytes.

In one embodiment, primary T lymphocytes are obtained
from an individual, optionally expanded, and then trans-
duced, using the methods described herein, with a nucleic
acid encoding one or more chimeric antigen receptors
(CARs), and optionally then expanded. See Section 5.2. T
lymphocytes can be expanded, for example, by contacting
the T lymphocytes 1n culture with antibodies to CD3 and/or
CD28, e.g., antibodies attached to beads, or to the surface of
a cell culture plate; see, e.g., U.S. Pat. Nos. 5,948,893;
6,534,035; 6,352,694, 6,692,964 6,887,466; and 6,905,681.
In specific embodiments, the antibodies are ant1-CD3 and/or
ant1-CD28, and the antibodies are not bound to a solid
surface (e.g., the antibodies contact the T lymphocytes 1n
solution). In other specific embodiments, either of the anti-
CD3 antibody or anti-CD28 antibody 1s bound to a solid
surface (e.g. bead, tissue culture dish plastic), and the other
antibody 1s not bound to a solid surface (e.g., 1s present 1n
solution).

In certain embodiments, primary T lymphocytes used 1n
the methods described herein are 1solated from a tumor, e.g.,
are tumor-infiltrating lymphocytes. In particular embodi-
ments, such T lvmphocytes are specific for a tumor specific
antigen (TSA) or tumor associated antigen (TAA). See
Section 5.2.2.

5.1.2. Transformation Reagents

As used herein, terms such as “transduction,” “transfor-
mation,” and “transfection” are used interchangeably, unless
otherwise noted. Methods of transducing cells are well-
known 1n the art. During transduction, small molecules
and/or polymers may, for example, be added to cell cultures
to facilitate the binding and/or uptake of the proteins and/or
nucleic acids of interest. Particularly, small polar com-
pounds can be added to culture conditions to facilitate the
binding and transduction of viruses and nucleic acid(s)
therein. Exemplary transformation reagents include, without
limitation, Lipofectamine®, FuGENE®, calcium phosphate,
diethylaminoethyl cellulose-dextran (DEAE-dextran or
DD), and protamine sulfate. In certain embodiments of the
methods described herein, transduction (e.g., retroviral
transduction, for example lentiviral transduction) of T lym-
phocytes (e.g., primary human T lymphocytes) occurs 1n the
presence of the DEAE-dextran or protamine sulfate. In
particular embodiments of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) occurs 1n the presence of DEAE-dextran,
e.g., 10 ug/ml DEAE-dextran, or protamine sulfate, e.g., 10

ug/ml protamine sulfate.
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5.1.3. Culture Conditions and T Lymphocyte Activation

The cells described herein can be maintained under spe-
cific culturing conditions to facilitate or enhance transduc-
tion (e.g. viral transduction). In a particular embodiment, T
lymphocytes (e.g., primary human T lymphocytes) are acti-
vated by an antigen or antigen-binding fragment that spe-
cifically binds to a T lymphocyte co-stimulatory molecule
(e.g., CD28, CD3 and/or CD45) prior to or concurrently
with transduction. In another embodiment, said antibody or
antigen-binding fragment 1s coupled to a solid substrate
(e.g., Dynabeads®). In a particular embodiment, T lympho-
cytes (e.g., primary human T lymphocytes) are stimulated by
ant1-CD3, ant1-CD28, and/or ant1-CD45 antibodies, or anti-
gen binding fragment(s) thereof, coupled to Dynabeads® for
24 hours before transduction (e.g., viral transduction). In
another particular embodiment, said antibody or antigen
binding fragment(s) (e.g., of ant1-CD3, anti-CD28 and/or
ant1-CD45 antibodies or antigen binding fragment(s)
thereol) are not present on a solid substrate but are instead
complexed with another compound or composition that
allows presentation of the antibody or antigen binding
fragment(s) to the cell, e.g., the antibody or antigen binding
fragment(s) are complexed with a polymer, hydrogel, albu-
min, and/or a hydrophobic molecule. In particular embodi-
ments, such molecule(s) complexed with the antibody or
antigen binding fragment(s) thereot 1s not an adjuvant. In
another embodiment, said contacting occurs at least 48
hours, at least 44 hours, at least 40 hours, at least 36 hours,
at least 32 hours, at least 28 hours, at least 24 hours, at least
20 hours, at least 16 hours, at least 12 hours, at least 8 hours
or at least 4 hours prior to transduction of said cells with a
viral vector (e.g., retroviral transduction, for example lenti-
viral transduction). In yet another embodiment, said con-
tacting occurs at least 48 hours to 40 hours, 44 hours to 36
hours, 40 hours to 32 hours, 36 hours to 28 hours, 32 hours
to 24 hours, 28 hours to 20 hours, 24 hours to 16 hours, 20
hours to 12 hours, 16 hours to 8 hours, 12 hours to 4 hours
or at least 8 hours to 1 hour prior to transduction of said cells
with a viral vector (e.g., retroviral transduction, for example
lentiviral transduction).

In another embodiment, cytokines and/or growth factors
that stimulate T lymphocyte activation and/or proliferation
can be added prior to or concurrently with transduction. In
a particular embodiment, interleukin 2 (IL-2), e.g., 50 U/ml
IL-2, 1s added to T lymphocyte cultures (e.g., primary
human T lymphocyte cultures) prior to or concurrently with
transduction (e.g., viral transduction). In another embodi-
ment, interleukin 7 (IL-7), e.g., 10 ng/ml I1L-7, 1s added to T
lymphocyte cultures (e.g., primary human T lymphocyte
cultures) prior to or concurrently with transduction (e.g.,
viral transduction). In another embodiment, interleukin 12
(IL-12), e.g., 10 ng/ml IL-12, 1s added to T lymphocyte
cultures (e.g., primary human T lymphocyte cultures) prior
to or concurrently with transduction (e.g., viral transduc-
tion). In another embodiment, interleukin 15 (IL-15), e.g.,
10 ng/ml IL-15, 1s added to T lymphocyte cultures (e.g.,
primary human T lymphocyte cultures) prior to or concur-
rently with transduction (e.g., viral transduction). In vet
another embodiment, interleukin 21 (IL-21), e.g., 25 ng/ml
IL-21 1s added to T lymphocyte cultures (e.g., primary
human T lymphocyte cultures) prior to or concurrently with
transduction (e.g., viral transduction).

5.1.4. Inhibitors of Innate Immunity

The 1nnate immune system can repress expression of
genes of viruses, including synthetic viruses. It 1s well
known 1n the art that the innate immune system comprises
proteins (e.g., retinoic acid-inducible gene I (RIG-I), protein

10

15

20

25

30

35

40

45

50

55

60

65

8

kinase R (PKR), IkB kinase € (IKK E), TANK-binding
kinase 1 (TBK1)) that can be triggered by double stranded
RNA and other pathogenic macromolecules, and that innate
immune activity can be readily measured (e.g., secreted
levels of interferon proteins including but not limited to
interferon-c., interferon-f, interferon-9, interferon-C, inter-
feron-k and interferon-t). Accordingly, in a particular
embodiment of the methods described herein, cultured cells
are contacted with an inhibitor of nate immunity. In
another embodiment, transduction (e.g., retroviral transduc-
tion, for example lentiviral transduction) of T lymphocytes
(e.g., primary human T lymphocytes) can be enhanced by
the addition of compounds, for example small molecules,
that inhibit innate 1immune signaling (e.g., BX'7935, Picea-
annol, Gefitinib, Z-VAD-FMK, Glybenclamide, Pepinh-
MyD, OxPAPC, CLI-0935, Polymyxin B, H-89, 2-Aminopu-
rine (2-AP), Chloroquine, Bafilomycin Al or the like).

In certain embodiments of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced by contacting the T lym-
phocytes with an inhibitor of the mnate immune response
either before, concurrently with or after transduction. In a
specific embodiment of the methods described herein, trans-
duction (e.g., retroviral transduction, for example lentiviral
transduction) of T lymphocytes (e.g., primary human T
lymphocytes) can be enhanced upon treatment with an
inhibitor of IkB kinase € (IKK E) and/or TANK-binding
kinase 1 (TBK1) either betfore, concurrently with or after
transduction. In another specific embodiment of the methods
described herein, transduction (e.g., retroviral transduction,
for example lentiviral transduction) of T lymphocytes (e.g.,
primary human T lymphocytes) can be enhanced upon
treatment with BX795 eirther belfore, concurrently with or
alter transduction of the cells.

In a specific embodiment of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human

T lymphocytes) can be enhanced upon treatment with
BX'795 at a concentration of 0.5 uM, 1 uM, 2 uM, 3 uM, 4

wM, 5 uM, 6 uM, 7 uM, 8 uM, 9 uM, 10 uM, 11 uM, 12 uM,
13 uM, 14 uM, 15 uM, 16 uM, 17 uM, 18 uM, 19 uM, 20
uM, or greater. In another specific embodiment of the
methods described herein, transduction (e.g., retroviral
transduction, for example lentiviral transduction) of T lym-
phocytes (e.g., primary human T lymphocytes) can be
enhanced upon treatment with BX'7935 at a concentration of
OSuMto 1l uM, 1 uM to 3 uM, 2 uM to 4 uM, 3 uM to 5
uM, 4 uM to 6 uM, 5 uM to 7 uM, 6 uM to 8 uM, 7 uM to
OuM, 8 uM to 10 uM, 9 uM to 11 uM, 10 uM to 12 uM, 11
uM to 13 uM, 12 uM to 14 uM or 13 uM to 15 uM, 10 uM
to 20 uM, 10 uM to 15 uM or 10 uM to 12 uM.

In certain embodiments of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced upon treatment with
BX'795 before transduction of the cells. For example, 1n
certain embodiments of the methods described herein, trans-
duction (e.g., retroviral transduction, for example lentiviral
transduction) of T lymphocytes (e.g., primary human T
lymphocytes) can be enhanced upon treatment with BX795
for greater than 5 hours before transduction, 5 hours before
transduction, 4 hours betfore transduction, 3 hours before
transduction, 2 hours before transduction, 1 hour before
transduction, 30 minutes before transduction, 15 minutes
betfore transduction, 5 minutes before transduction or con-
currently with transduction. In a specific embodiment of the
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methods described herein, transduction (e.g., retroviral
transduction, for example lentiviral transduction) of T lym-
phocytes (e.g., primary human T lymphocytes) can be
enhanced upon treatment with BX795 4 to 5 hours belore
transformation, 3 to 4 hours betore transduction, 2 to 3 hours
before transduction, 1 to 2 hours before transduction, 30
minutes to 1 hour before transduction or concurrently to 30
minutes before transduction. In a specific embodiment of the
methods described herein, transduction (e.g., retroviral
transduction, for example lentiviral transduction) of T lym-
phocytes (e.g., primary human T lymphocytes) can be
enhanced upon treatment with BX795 both before and
concurrently with transduction at any of the time points
described herein.

In a specific embodiment, said inhibitor of the innate
immune system 1s an inhibitor of protein kinase R (PKR). In
a specific embodiment of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced upon treatment with an
inhibitor of protein kinase R (PKR) either before, concur-
rently with or after transduction. In a specific embodiment,
said compound 1s 2-Aminopurine (2-AP).

In certain embodiments of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced upon treatment of the T
lymphocytes with an inhibitor of the innate 1mmune
response either before, concurrently with or after transduc-
tion. In a specific embodiment of the methods described
heremn, transduction (e.g., retroviral transduction, for
example lentiviral transduction) of T lymphocytes (e.g.,
primary human T lymphocytes) can be enhanced upon
treatment with an inhibitor of protein kinase R (PKR) either
before, concurrently with or after transduction. In another
specific embodiment of the methods described herein, trans-
duction (e.g., retroviral transduction, for example lentiviral
transduction) of T lymphocytes (e.g., primary human T
lymphocytes) can be enhanced upon treatment with 2-AP
either before, concurrently with or after transduction of the
cells.

In a specific embodiment of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced upon treatment with 2-AP
at a concentration of 0.5 uM, 1 uM, 2 uM, 3 uM, 4 uM, 5
uM, 6 uM, 7 uM, 8 uM, 9 uM, 10 uM, 11 uM, 12 uM, 13
uM, 14 uM, 15uM or greater. In another specific embodi-
ment of the methods described herein, transduction (e.g.,
retroviral transduction, for example lentiviral transduction)
of T lymphocytes (e.g., primary human T lymphocytes) can
be enhanced upon treatment with 2-AP at a concentration of
OSuMtol uM, 1 uM to 3 uM, 2 uM to 4 uM, 3 uM to 5
uM, 4 uM to 6 uM, 5 uM to 7 uM, 6 uM to 8 uM, 7 uM to
OuM, 8 uM to 10 uM, 9 uM to 11 uM, 10 uM to 12 uM, 11
uM to 13 uM, 12 uM to 14 uM or 13 uM to 15 uM.

In certain embodiments of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can be enhanced upon treatment with 2-AP
before transduction of the cells. For example, in certain
embodiments of the methods described herein, transduction
(e.g., retroviral transduction, for example lentiviral trans-
duction) of T lymphocytes (e.g., primary human T lympho-
cytes) can be enhanced upon treatment with 2-AP for greater
than 5 hours betfore transduction, 5 hours before transduc-
tion, 4 hours betore transduction, 3 hours before transduc-
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tion, 2 hours before transduction, 1 hour before transduction,
30 minutes before transduction, 15 minutes before transduc-
tion, 5 minutes before transduction or concurrently with
transduction. In a specific embodiment of the methods
described herein, transduction (e.g., retroviral transduction,
for example lentiviral transduction) of T lymphocytes (e.g.,
primary human T lymphocytes) can be enhanced upon
treatment with 2-AP 4 to 5 hours before transduction, 3 to 4
hours betfore transduction, 2 to 3 hours before transduction,
1 to 2 hours betfore transduction, 30 minutes to 1 hour betfore
transduction or concurrently to 30 minutes before transduc-
tion. In a specific embodiment of the methods described
herein, transduction (e.g., retroviral transduction, for
example lentiviral transduction) of T lymphocytes (e.g.,
primary human T lymphocytes) can be enhanced upon
treatment with 2-AP both before and concurrently with
transduction at any of the time points described herein.

5.1.5. Viral Transduction

In one embodiment of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human
T lymphocytes) can occur using viruses at various multi-
plicities of mnfection (MOI). In a specific embodiment of the
methods described herein, transduction (e.g., retroviral
transduction, for example lentiviral transduction) of T lym-
phocytes (e.g., primary human T lymphocytes) occurs at a
viral multiplicity of infection (MOI) 01 0.1, 0.2, 0.4, 0.6, 0.8,
1.0,1.2,14,1.6, 1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0 or greater.
In a specific embodiment of the methods described herein,
transduction (e.g., retroviral transduction, for example len-
tiviral transduction) of T lymphocytes (e.g., primary human

T lymphocytes) occurs at a viral multiplicity of infection
(MOI) of 0.1 t0 0.3,0.2t0 0.4, 0.4 t0 0.6, 0.6 to 0.8, 0.8 to

1.0,10t01.2,1.2t014,14to1.6,1.6t0 1.8, 1.8 to 2.0,
20t02.2,221024,241t0 2.6,2.6to 2.8 or 2.8 to 3.0.
In a specific embodiment of the methods described herein,
contacting T lymphocytes (e.g., primary human T lympho-
cytes) with a compound (e.g., BX795 or 2-AP) to increase
transduction ethciency (e.g., lentiviral transduction efli-
ciency) improves the transduction of 1solated nucleic acid
sequences (e.g., vectors encoding chimeric antigen recep-
tors). For example, nucleic acid sequences of 9 kilobases

(kb) 1n length, 10 kb in length, 11 kb 1n length, 12 kb 1n
length, 13 kb 1n length, 14 kb 1n length, 15 kb 1n length, 16
kb 1n length, 17 kb 1n length or 18 kb 1n length or greater can
be transduced 1nto cells at greater efliciency as a result of the
methods described herein (1.€., as compared to the efliciency
of transduction 1n the absence of a compound described
(e.g., BX795 or 2-AP)). In certain embodiments, the meth-
ods described herein result i 1mproved transduction of
nucleic acid molecules (e.g., vectors, for example, viral
vectors such as retroviral, e.g., lentiviral, vectors, including
vectors that encode one or more proteins, €.g., one or more
chimeric antigen receptors), wherein said nucleic acid mol-
ecules are 9 kilobases (kb) 1n length to 10 kb 1n length, 10
kb 1n length to 11 kb 1n length, 11 kb 1n length to 12 kb 1n
length, 12 kb 1n length to 13 kb 1n length, 13 kb in length to
14 kb 1n length, 14 kb 1n length to 15 kb 1n length, 15 kb 1n
length to 16 kb 1n length, 16 kb 1n length to 17 kb in length,
1’7 kb 1n length to 18 kb 1n length, or 9 to 18 kb 1n length or
10 to 15 kb 1n length.

In a particular aspect of the methods described herein, T
lymphocytes (e.g., primary human T lymphocytes) can be
transduced (e.g., transduced a retrovirus, for example a
lentivirus) with two or more different 1solated nucleic acids,
e.g., two, three, four or five nucleic acids of non-identical
sequence. In a specific embodiment, contacting T lympho-
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cytes (e.g., primary human T lymphocytes) with a com-
pound to increase transduction efliciency (e.g., retroviral
transduction efliciency, for example lentiviral transduction
elliciency) improves the transduction of one, two, three, four
or five different 1solated nucleic acids (e.g., vectors, for
example, viral vectors, such as retroviral, e.g., lentiviral,
vectors, including vectors that encode one or more proteins,
for example, encode one or more chimeric antigen recep-
tors).

In a specific embodiment of the methods described herein,
primary human T lymphocytes are stimulated for 24 hours
with ant1-CD3 and/or anti-CD28 antibodies, or antigen
binding fragment(s) thereol, 1n the presence of 50 U/ml IL-2
and 10 ug/ml DEAE-Dextran, followed by treatment of said
lymphocytes with BX795 for 3 hours, followed by lentiviral
transduction of said lymphocytes, wherein the virus 1s at a
multiplicity of infection (MOI) of 1.8 and wherein the
human T lymphocytes are treated with 6 uM BX'7935 con-
currently with the addition of the lentivirus for a further 6
hour period.

In a specific embodiment of the methods described herein,
primary human T lymphocytes are stimulated for 24 hours
with ant1-CD3 and/or anti-CD28 antibodies, or antigen
binding fragment(s) thereolt, 1n the presence of 50 U/ml IL-2
and 10 ng/ml DEAE-Dextran, followed by treatment of said
lymphocytes with 2-AP for 5 hours, followed by lentiviral
transduction of said lymphocytes, wherein the virus 1s at a
multiplicity of ifection (MOI) of 1.8 and wherein the
human T lymphocytes are treated with 2.5-10 uM 2-AP
concurrently with the addition of the lentivirus for a further
S hour period.

In a specific embodiment of the methods described herein,
primary human T lymphocytes are stimulated for 24 hours
with anti-CD3 and/or anti-CD28 antibodies, or antigen
binding fragment(s) thereolf, 1n the presence of 50 U/ml IL-2
and 10 ug/ml protamine sulfate, followed by treatment of
said lymphocytes with BX'795 for 6 hours, followed by
lentiviral transduction of said lymphocytes, wherein the
virus 1s at a multiplicity of infection (MOI) of 1.8 and
wherein the human T lymphocytes are treated with 6 uM
BX'795 concurrently with the addition of the lentivirus for a
turther 6 hour period.

In a specific embodiment of the methods described herein,
primary human T lymphocytes are stimulated for 24 hours
with anti-CD3 and/or anti-CD28 antibodies, or antigen
binding fragment(s) thereolf, 1n the presence of 50 U/ml IL-2
and 10 ug/ml protamine sulfate, followed by treatment of
said lymphocytes with 2-AP for 5 hours, followed by
lentiviral transduction of said lymphocytes, wherein the
virus 1s at a multiplicity of infection (MOI) of 1.8 and
wherein the human T lymphocytes are treated with 2.5-10
uM 2-AP concurrently with the addition of the lentivirus for
a further 5 hour period.

5.2. Chimeric Antigen Receptors

In certain embodiments, the methods provided herein are
used to transduce a nucleic acid encoding one or more
chimeric antigen receptor (CARs) mto a cell, eg., a T
lymphocyte (e.g., a prnmary T lymphocyte). CARs are
artificial membrane-bound proteins that direct a T lympho-
cyte to an anftigen, and stimulate the T lymphocyte to kill
cells displaying the antigen. See, e.g., Eshhar, U.S. Pat. No.
7,741,465, Generallyy, CARs comprise an extracellular
domain that binds to an antigen, e.g., an antigen on a cell, a
transmembrane domain, and an intracellular (cytoplasmic)
signaling domain that transmits a primary activation signal
to an immune cell. All other conditions being satisfied, when
a CAR 1s expressed on the surface of, e.g., a T lymphocyte,
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and the extracellular domain of the CAR binds to an antigen,
the intracellular signaling domain transmits a signal to the T
lymphocyte to activate and/or proliferate, and, 1f the antigen
1s present on a cell surface, to kill the cell expressing the
antigen. Because T lymphocytes require two signals, a
primary activation signal and a costimulatory signal, in
order to maximally activate, CARs can comprise a stimu-
latory and a costimulatory domain such that binding of the
antigen to the extracellular domain results 1n transmission of
both a primary activation signal and a costimulatory signal.

5.2.1. General CAR Structure Intracellular Domain

In certain embodiments, the intracellular domain of the
CAR 1s or comprises an intracellular domain or motif of a
protein that 1s expressed on the surface of T lymphocytes
and triggers activation and/or proliferation of said T lym-
phocytes. Such a domain or motif 1s able to transmit a
primary antigen-binding signal that 1s necessary for the
activation of a T lymphocyte 1n response to the antigen’s
binding to the CAR’s extracellular portion. Typically, this
domain or motif comprises, or 1s, an ITAM (1immunorecep-
tor tyrosine-based activation motif). ITAM-containing poly-
peptides suitable for CARs include, for example, the zeta
CD3 chain (CD3C) or ITAM-containing portions thereof. In
a specific embodiment, the intracellular domain i1s a CD3C
intracellular signaling domain. In other specific embodi-
ments, the intracellular domain 1s from a lymphocyte recep-
tor chain, a TCR/CD3 complex protein, an Fc receptor
subunit or an IL-2 receptor subunit.

In certain embodiments, the CAR additionally comprises
one or more co-stimulatory domains or motifs, e.g., as part
of the intracellular domain of the polypeptide. The one or
more co-stimulatory domains or motifs can, for example, be,
or comprise, one or more of a co-stimulatory CD27 poly-
peptide sequence, a co-stimulatory CD28 polypeptide
sequence, a co-stimulatory OX40 (CD134) polypeptide
sequence, a co-stimulatory 4-1BB (CD137) polypeptide
sequence, or a co-stimulatory inducible T-cell costimulatory
(ICOS) polypeptide sequence, or other costimulatory
domain or motif, or any combination thereof.

The transmembrane region can be any transmembrane
region that can be incorporated into a functional CAR, e.g.,
a transmembrane region from a CD4 or a CD8 molecule.

In certain embodiments, the intracellular domain can be
further modified to encode a detectable, for example, a
fluorescent, protein (e.g., green fluorescent protein) or any
variants known thereof.

5.2.2. CAR Extracellular Domain

In certain embodiments, the nucleic acid transduced nto
cells using the methods described herein comprises a
sequence that encodes a polypeptide, wherein the extracel-
lular domain of the polypeptide binds to an antigen of
interest. In certain embodiments the extracellular domain
comprises a receptor, or a portion of a receptor, that binds to
said antigen. In certain embodiments, the extracellular
domain comprises, or 1s, an antibody or an antigen-binding
portion thereotf. In specific embodiments, the extracellular
domain comprises, or 1s, a single-chain Fv domain. The
single-chain Fv domain can comprise, for example, a VL
linked to VH by a flexible linker, wherein said VL and VH
are from an antibody that binds said antigen.

The antigen to which the extracellular domain of the
polypeptide binds can be any antigen of interest, e.g., can be
an antigen on a tumor cell. The tumor cell may be, e.g., a cell
in a solid tumor, or a cell of a blood cancer. The antigen can
be any antigen that 1s expressed on a cell of any tumor or
cancer type, e€.g., cells of a lymphoma, a lung cancer, a breast
cancer, a prostate cancer, an adrenocortical carcinoma, a
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thyroid carcinoma, a nasopharyngeal carcinoma, a mela-
noma, €.g., a malignant melanoma, a skin carcinoma, a
colorectal carcinoma, a desmoid tumor, a desmoplastic
small round cell tumor, an endocrine tumor, an Ewing
sarcoma, a peripheral primitive neuroectodermal tumor, a
solid germ cell tumor, a hepatoblastoma, a neuroblastoma, a
non-rhabdomyosarcoma soit tissue sarcoma, an osteosar-
coma, a retinoblastoma, a rhabdomyosarcoma, a Wilms
tumor, a glioblastoma, a myxoma, a fibroma, a lipoma, or the
like. In more specific embodiments, said lymphoma can be
chronic lymphocytic leukemia (small lymphocytic lym-
phoma), B-cell prolymphocytic leukemia, lymphoplasma-
cytic lymphoma, Waldenstrom macroglobulinemia, splenic
marginal zone lymphoma, plasma cell myeloma, plasmacy-
toma, extranodal marginal zone B cell lymphoma, MALT
lymphoma, nodal marginal zone B cell lymphoma, follicular
lymphoma, mantle cell lymphoma, diffuse large B cell
lymphoma, mediastinal (thymic) large B cell lymphoma,
intravascular large B cell lvmphoma, primary effusion lym-
phoma, Burkitt’s lymphoma, T lymphocyte prolymphocytic
leukemia, T lymphocyte large granular lymphocytic leuke-
mia, aggressive NK cell leukemia, adult T lymphocyte
leukemia/lymphoma, extranodal NK/T lymphocyte lym-
phoma, nasal type, enteropathy-type T lymphocyte lym-
phoma, hepatosplenic T lymphocyte lymphoma, blastic NK
cell lymphoma, mycosis fungoides, Sezary syndrome, pri-
mary cutanecous anaplastic large cell lymphoma, lympho-
matoid papulosis, angioimmunoblastic T lymphocyte lym-
phoma, peripheral T lymphocyte lymphoma (unspecified),
anaplastic large cell lymphoma, Hodgkin lymphoma, or a
non-Hodgkin lymphoma. In a specific embodiment, in
which the cancer 1s chronic lymphocytic leukemia (CLL),
the B cells of the CLL have a normal karyotype. In other
specific embodiments, 1n which the cancer 1s chronic lym-
phocytic leukemia (CLL), the B cells of the CLL carry a 17p
deletion, an 11q deletion, a 12q trisomy, a 13q deletion or a
p33 deletion.

In certain embodiments, the antigen 1s a tumor-associated
antigen (TAA) or a tumor-specific antigen (I'SA). In various
specific embodiments, without limitation, the tumor-associ-
ated antigen or tumor-specific antigen 1s B cell maturation
antigen (BCMA), B cell Activating Factor (BAFF), Her?2,
prostate stem cell antigen (PSCA), prostate-specific mem-
brane antigen (PSMA) alpha-fetoprotein (AFP), carcinoem-
bryonic antigen (CEA), EGFRVIII, cancer antigen-1235 (CA.-
1235), CA19-9, calretinin, MUC-1, epithelial membrane
protein (EMA), epithelial tumor antigen (E'TA), tyrosinase,
melanoma-associated antigen (MAGE), CD19, CD20,
CD34, CD45, CD99, CDI117, chromogranin, cytokeratin,
desmin, glal fibrillary acidic protein (GFAP), gross cystic
disease fluid protein (GCDFP-15), HMB-45 antigen, protein
melan-A (melanoma antigen recognized by T lymphocytes;
MART-1), myo-D1, muscle-specific actin (MSA), neurofila-
ment, neuron-specific enolase (NSE), placental alkaline
phosphatase, synaptophysis, thyroglobulin, thyroid tran-
scription factor-1, vascular endothelial growth factor recep-
tor (VEGFR), the dimeric form of the pyruvate kinase
1soenzyme type M2 (tumor M2-PK), an abnormal ras pro-
tein, or an abnormal p53 protein.

In certain embodiments, the TAA or TSA 1s a cancer/testis
(CT) antigen, e.g., BAGE, CAGE, CTAGE, FATE, GAGE,
HCA661, HOM-TES-85, MAGEA, MAGEB, MAGEC,
NAS8, NY-ESO-1, NY-SAR-35, OY-TES-1, SPANXBI,
SPA17, SSX, SYCPI1, or TPTE.
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In certain embodiments, the TAA or TSA 1s a carbohy-
drate or ganglioside, e.g., fuc-GM1, GM2 (oncofetal anti-
gen-immunogenic-1; OFA-I-1); GD2 (OFA-I-2), GM3,
GD3, and the like.

In certain embodiments, the TAA or TSA 1s alpha-actinin-
4, Bage-1, BCR-ABL, Ber-Abl fusion protein, beta-catenin,
CA 125, CA 15-3 (CA 27.29\BCAA), CA 195, CA 242,
CA-50, CAMA43, Casp-8, cdc27, cdk4, cdkn2a, CEA, coa-1,
dek-can fusion protein, EBNA, EF2, Epstein Barr virus
antigens, E1TV6-AML1 fusion protein, HLA-A2, HLA-AII,
hsp70-2, KIAAO2035, Mart2, Mum-1, 2, and 3, neo-PAP,
myosin class I, OS-9, pml-RARa fusion protein, PTPRK,
K-ras, N-ras, triosephosphate isomerase, Gage 3,4,5,6,7,
GnTV, Herv-K-mel, Lage-1, NA-88, NY-Eso-1/Lage-2,
SP17, SSX-2, TRP2-Int2, gpl00 (Pmel 17), tyrosinase,
TRP-1, TRP-2, MAGE-1, MAGE-3, RAGE, GAGE-1,
GAGE-2, p15(38), RAGE, SCP-1, Hom/Mel-40, PRAME,
pS3, H-Ras, HER-2/neu, E2A-PRL, H4-RET, IGH-IGK,
MYL-RAR, human papillomavirus (HPV) antigens E6 and
E7, TSP-180, MAGE-4, MAGE-5, MAGE-6, pl185erbB2,
p180erbB-3, c-met, nm-23H1, PSA, TAG-72-4, CA 19-9,
CA 72-4, CAM 17.1, NuMa, K-ras, 13-Catenin, Mum-1,
pl6, TAGE, PSMA, CT7, telomerase, 43-9F, 5T4,
791Tgp72, 13HCG, BCA225, BTAA, CD68\KP1, CO-029,
FGF-5, G250, Ga733 (EpCAM), HTgp-175, M344, MA-30,
MG7-Ag, MOVI1E, NBV/OK, NY-CO-1, RCASI,
SDCCAG16, TA-90, TAAL6, TAG72, TLP, TPS, CDI19,
CD22, CD27, CD30, CD70, GD2 (ganglioside G2),
EGFRVIII (epidermal growth factor variant III), sperm pro-
temn 17 (Spl7), mesothelin, PAP (prostatic acid phos-
phatase), prostein, TARP (T cell receptor gamma alternate
reading frame protein), Trp-p8, STEAP1 (six-transmem-
brane epithelial antigen of the prostate 1), an abnormal ras
protein, or an abnormal p33 protemn. In another specific
embodiment, said tumor-associated antigen or tumor-spe-
cific antigen 1s integrin oavp3 (CD61), galactin, K-Ras
(V-Ki-ras2 Kirsten rat sarcoma viral oncogene), or Ral-B.
Other tumor-associated and tumor-specific antigens are
known to those 1n the art.

Antibodies, and scFvs, that bind to TSAs and TAAs
include antibodies and scFVs that are known 1n the art, as are
nucleotide sequences that encode them.

In certain specific embodiments, the antigen 1s an antigen
not considered to be a TSA or a TAA, but which 1s
nevertheless associated with tumor cells, or damage caused
by a tumor. In certain embodiments, for example, the antigen
1s, e.g., a growth factor, cytokine or interleukin, e.g., a
growth factor, cytokine, or interleukin associated with
anglogenesis or vasculogenesis. Such growth factors, cyto-
kines, or interleukins can include, e.g., vascular endothelial
growth factor (VEGF), basic fibroblast growth factor
(bFGF), platelet-derived growth factor (PDGF), hepatocyte
growth factor (HGF), msulin-like growth factor (IGF), or
interleukin-8 (IL-8). Tumors can also create a hypoxic
environment local to the tumor. As such, i other specific
embodiments, the antigen 1s a hypoxia-associated factor,
e.g., HIF-1a, HIF-1f3, HIF-2a, HIF-2(3, HIF-3a, or HIF-3(3.
Tumors can also cause localized damage to normal tissue,
causing the release of molecules known as damage associ-
ated molecular pattern molecules (DAMPs; also known as
alarmins). In certain other specific embodiments, therefore,
the antigen 1s a DAMP, e.g., a heat shock protein, chromatin-
associated protein high mobility group box 1 (HMGBI1),
S100A8 (MRPS, calgranulin A), S100A9 (MRP14, cal-
granulin B), serum amyloid A (SAA), or can be a deoxyri-
bonucleic acid, adenosine triphosphate, uric acid, or heparin
sulfate.
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In certain embodiments of the polypeptides described
herein, the extracellular domain 1s joined to said transmem-
brane domain directly or by a linker, spacer or hinge
polypeptide sequence, e.g., a sequence from CD28 or a
sequence from CTLA4.

5.3. Isolated Nucleic Acids

One of skill 1n the art will appreciate that the methods
described herein are not limited to transduction of any
particular type of vector and that the transduced vectors are
not limited with respect to the particular type of nucleic acid
they comprise. Accordingly, 1t should be understood that
vectors comprising nucleic acids used to transduce cells in
accordance with the methods described herein may com-
prise, for example, any nucleic acid that encodes any protein
or polypeptide of interest (e.g., CARs).

In certain embodiments, the nucleic acids may be con-
tained within any polynucleotide vector suitable for the
transduction of 1immune cells, e.g., T lymphocytes. For
example, T lymphocytes may be transformed or transduced
using synthetic vectors, retroviral vectors (e.g., lentiviral
vectors), autonomously replicating plasmids, a virus (e.g., a
retrovirus, lentivirus, adenovirus, or herpes virus), or the
like, containing polynucleotides encoding polypeptides of
interest (e.g., chimeric receptors).

In a specific embodiment, retroviral vectors, for example
lentiviral vectors, are used 1n accordance with the methods
described herein. Retroviral vectors, for example lentiviral
vectors, suitable for transformation or transduction of T

lymphocytes include, but are not limited to, e.g., the lenti-
viral vectors described 1n U.S. Pat. Nos. 5,994,136; 6,163,

782; 6,428,953 7,083,981; and 7,250,299, the disclosures of
which are hereby incorporated by reference in their entire-
ties.

In another specific embodiment, HIV vectors are used in
accordance with the methods described herein. HIV vectors
suitable for transduction of T lymphocytes include, but are
not limited to, e.g., the vectors described 1n U.S. Pat. No.
5,665,577, the disclosure of which 1s hereby incorporated by

reference 1n its entirety.

Nucleic acids usetful in the production of polypeptides,
¢.g., within a T lymphocyte, include DNA, RNA, or nucleic
acid analogs. Nucleic acid analogs can be modified at the
base moiety, sugar moiety, or phosphate backbone, and can
include deoxyuridine substitution for deoxythymidine,
S-methyl-2'-deoxycytidine or 3S-bromo-2'-deoxycytidine
substitution for deoxycytidine. Modifications of the sugar
moiety can include modification of the 2' hydroxyl of the
ribose sugar to form 2'-O-methyl or 2'-O-allyl sugars. The
deoxyribose phosphate backbone can be modified to pro-
duce morpholino nucleic acids, in which each base moiety
1s linked to a six-membered, morpholino ring, or peptide
nucleic acids, in which the deoxyphosphate backbone 1s
replaced by a pseudopeptide backbone and the four bases are
retained. See, for example, Summerton and Weller (1997)
Antisense Nucleic Acid Drug Dev. 7:187-195; and Hyrup et
al. (1996) Bioorgan. Med. Chain. 4:5-23. In addition, the
deoxyphosphate backbone can be replaced with, {for
example, a phosphorothioate or phosphorodithioate back-
bone, a phosphoroamidite, or an alkyl phosphotriester back-
bone.

6. EXAMPLES

6.1.
Transduction with Concurrent

Example 1: Primary T Lymphocyte
Exposure to BX795

6.1.1. Concurrent Treatment of Primary Human T Lym-
phocytes with DEAE-Dextran Facilitates Lentiviral Trans-
duction
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Primary human T lymphocytes were cultured in RPMI-
1640 media supplemented with 10% (v/v) fetal bovine

serum, and activated with anti-CD3/CD28 Dynabeads® at a
Dynabead: T lymphocyte ratio of 3:1. After 24 hours of
activation, 50 U/ml of IL.-2 was added to the culture medium
either with or without DEAE-Dextran (DD). Lentivirus
encoding the vector JL28.2 (VEGFR2-CD28TM-CD28IC-
P2A-GFP), which encodes a chimeric antigen receptor com-
posed of VEGFR2 and GFP protein, was added to the
activated T lymphocyte culture at a multiplicity of infection
(MOI) of 1.8. Fluorescence-activated cell sorting (FACS)
was used to determine the proportion of T lymphocytes

expressing VEGFR?2 as a marker for successtully transduced
cells. As shown 1n FIG. 1A, 2.61% of mock-treated cells (i.¢.

cells that received no virus) were VEGFR2", 3.99% of cells
incubated with lentivirus but without DD were VEGFR27,
whereas 9.80% of cells mcubated with lentivirus and DD
were VEGFR2™. Thus, it was determined that treatment of
primary human T lymphocytes with DEAE-dextran facili-
tates lentiviral transduction.

6.1.2. Concurrent Treatment with BX795 Enhances
Transduction Elfliciency of Primary Human T Lymphocytes

Primary human T lymphocytes were cultured and acti-
vated as 1n Section 6.1.1 and transduced with vector JL.28.2
in the presence of DEAE-Dextran (DD) and a range of
concentrations of BX795, which was added concurrently
with the lentivirus and allowed to incubate for six hours.
Transduced lymphocytes were then analyzed by FACS to
determine the proportion of successiully transduced cells.
As shown 1n FIGS. 1B and 1C, there was an increase in viral
transduction efliciency that correlated with increased con-
centration of BX795 (7.63% of transduced cells were
VEGFR2™ when treated with 1 uM BX795 and 10.5% of
transduced cells were VEGFR2™ when treated with 10 uM
BX'793). Thus, 1t was determined that concurrent treatment
of T lymphocytes with lentivirus and BX'795 at high dose
(10 uM) results 1n increased transduction efliciency of the
cells by lentiviral vectors.

6.2. Example 2: Pretreatment with BX795 1s
Required for Increased Transduction Efficiency of
Primary Human T Lymphocytes

Primary human T lymphocytes were cultured and acti-
vated as described in Example 1, but with one cell popula-
tion being treated with DD alone (“DD Only Control™), one
cell population being treated with 6 uM BX795 added
concurrently with lentiviral transduction for a period of six
hours (“Concurrent”), one cell population being treated with
6 uM BX7935 for three hours before lentiviral transduction
(“Pre-treated”) and one cell population being treated with 6
uM BX795 both before and concurrently with lentiviral
transduction for a total time period of nine hours (*“Pre-
treated+Concurrent™).

T lymphocytes were cultured for eight days after trans-
duction, and VEGFR2 expression was monitored at days 3
and 8 post-transduction. As shown 1n FIGS. 2A and 2B,
BX'795 added to T lymphocyte cultures concurrently with
lentivirus showed no improvement in VEGFR2 expression
at either day 3 or day 8 as compared to DD Only Control
cultures. Pre-treatment of T lymphocytes with BX795 led to
an increase 1 VEGFR2 expression at both day 3 and day 8
as compared to DD Only Control cultures. T lymphocyte
cultures treated with BX795 both before and during lenti-
viral transduction expressed VEGFR2 at a level roughly
twice as high as DD Only cultures and higher than either of
the other two BX795 treated lymphocytes (9.80% of cells
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were VEGFR2" in the DD Only Control at day 3 as com-
pared to 18.4% VEGFR2™ cells 1n the Pre-treated+Concur-
rent group at day 3; and 4.95% of cells were VEGFR2™ in
the DD Only Control at day 8 as compared to 10.6%
VEGFR2™ cells 1n the Pre-treated+Concurrent group).

6.3. Example 3: Treatment of Primary Human
T-Lymphocytes with 2-Aminopurine

6.3.1. 2-Aminopurine does not Alter Cell Viability

Primary human T lymphocytes were cultured in RPMI-
1640 media supplemented with 10% (v/v) fetal bovine
serum (FBS), and activated with anti-CD3/CD28 Dyna-
beads® at a Dynabead:T lymphocyte ratio of 3:1 for 24
hours. 2-Aminopurine (2-AP) was added to cultures and
incubated for 90 minutes at 37 C. DEAE-dextran (DD) or
protamine sulfate (PS) were added to the cultures i the
presence of 50 U/ml IL-2 and JL28.2 lentiviral vector at an
MOI of 3. Cells were analyzed by FACS for viability.

In the absence of 2-AP, 84% of cells treated without either
DD or PS were viable after lentiviral transduction, while
73.6% of cells were viable when transduced 1n the presence
of DD, and 84.9% of cells were viable when transduced in
the presence of PS. (FIG. 3A) When primary T lymphocytes
were cultured as above with the addition of 2-AP at either
2.5 mM, 5 mM or 10 mM, wviability was not reduced
compared to cells cultured 1n the absence of 2-AP (FI1G. 3B),
indicating that 2-AP does not alter the viability of activated
primary human T-lymphocytes 1n culture. 6.3.2. Treatment
with 2-Aminopurine enhances lentiviral transduction efli-
ciency ol primary human T lymphocytes

Primary human T lymphocytes were cultured as 1n Sec-
tion 6.3.1 and analyzed by FACS {or expression of
VEGFR2. As shown 1n FIG. 4A, 4.49% of cells transduced
with lentivirus in the absence of either DD or PS were
positive for VEGFR2, while 1.25% of cells treated with DD
alone were VEGFR2™ and 0.565% of cells treated with PS
alone were VEGFR2".

In the presence of either DD or PS, lentiviral transduction
was enhanced when primary T lymphocytes were pretreated
with 2-AP for 90 minutes and maintained in culture with
lentivirus and various concentrations of 2-AP for 5 hours
(FIG. 4B). All concentrations of 2-AP (1.e., 2.5 mM, 5 mM
or 10 mM) increased transduction efliciency as compared to
cells not exposed to 2-AP (Control). These results indicate
that treatment with 2-AP increases the transduction efli-
ciency of primary human T lymphocytes 1n the presence of
cither DEAE-dextran or protamine sulfate.

EQUIVALENTS

The present disclosure 1s not to be limited in scope by the
specific embodiments described herein. Indeed, various
modifications ol the subject matter provided herein, in
addition to those described, will become apparent to those
skilled in the art from the foregoing description. Such
modifications are intended to fall within the scope of the
appended claims.

Various publications, patents and patent applications are
cited herein, the disclosures of which are incorporated by
reference in their entireties.

What 1s claimed 1s:
1. A method of transducing a primary T lymphocyte,
comprising;
(1) contacting a primary T lymphocyte with a compound
that 1s an inhibitor of the innate immune system and
inhibits the activity of protein kinase R (PKR); and

10

15

20

25

30

35

40

45

50

55

60

65

18

(11) contacting the primary T lymphocyte with a viral

vector comprising a nucleic acid;

wherein the contacting of the primary T lymphocyte with

the compound occurs prior to the contacting of the
primary T lymphocyte with the viral vector;

whereby the nucleic acid is transduced into the primary T

lymphocyte.
2. The method of claim 1, wherein the primary T lym-
phocyte 1s a human primary T lymphocyte.
3. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the compound occurs concur-
rently with the contacting with the viral vector.
4. The method of claim 1, wherein the nucleic acid 1s
about 9 to 20 kb 1n length.
5. The method of claim 1, wherein the nucleic acid
encodes a chimeric antigen receptor.
6. The method of claim 1, wherein the compound 1s 1s
2.5-10 uM 2-aminopurine.
7. The method of claim 6, wherein the 2-aminopurine 1s
2.5-10 uM 2-aminopurine.
8. The method of claim 1, further comprising contacting,
the primary T lymphocyte with an agent capable of stimu-
lating a T cell receptor complex prior to the contacting of the
primary T lymphocyte with the viral vector.
9. The method of claim 8, wherein the agent i1s an
antibody or antigen-binding fragment that specifically binds
to CD3 or CD28.
10. The method of claim 1, wherein the viral vector 1s a
retroviral vector.
11. The method of claim 1, wherein the wviral vector
contacts the primary T lymphocyte at a multiplicity of
infection (MOI) of 1.5 to 2.3.
12. The method of claim 1, further comprising contacting
the primary T lymphocyte with a transformation reagent and
a cytokine.
13. The method of claim 12, wherein the transformation
reagent 1s diethylaminoethyl-dextran.
14. The method of claim 12, wherein the cytokine 1s
interleukin 2 (IL-2).
15. A method of transducing a human primary T lympho-
cyte, comprising:
(1) contacting a human primary T lymphocyte, in the
presence ol diethylaminoethyl-dextran and interleukin
2 (IL-2), with 2-aminopurine; and

(11) contacting the human primary T lymphocyte with a
lentiviral vector comprising a nucleic acid encoding a
chimeric antigen receptor;

wherein the contacting of the human primary T lympho-

cyte with the 2-aminopurine occurs prior to the con-
tacting of the human primary T lymphocyte with the
lentiviral vector;

whereby the nucleic acid 1s transduced mto the T lym-

phocyte.

16. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the compound occurs for 90
minutes prior to the contacting of the primary T lymphocyte
with the viral vector.

17. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the viral vector and the com-
pound occurs concurrently for at least 5 hours.

18. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the compound occurs after the
contacting with the viral vector.

19. The method of claim 1, wherein the viral vector 1s a
lentiviral vector.

20. The method of claim 12, wherein the transformation
reagent 1s protamine sulfate.
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21. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the compound occurs for 5
hours, 4 hours, 3 hours, 2 hours, 1 hour, 30 minutes, 15
minutes, or S5 minutes prior to the contacting of the primary
T lymphocyte with the viral vector.

22. The method of claim 1, wherein the contacting of the
primary T lymphocyte with the viral vector and the com-
pound occurs concurrently for 5 hours, 4 hours, 3 hours, 2
hours, 1 hour, 30 minutes, 15 minutes, or 5 minutes.
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